ABSTRACT
INTRODUCTION
Distributed generation (DG) is related with the use of small generating units installed in strategic points of the electric system and, mainly, close to consumption centers. They are usually connected to the distribution and subtransmission systems. DG can be used in an isolated way, supplying the consumer's local demand, or in an integrated way, supplying energy to the remaining of the electric system. In distribution systems, DG can provide benefits for the consumers as well as for the utilities, especially in sites where the central generation is impracticable or where there are deficiencies in the transmission system. DG constitutes an important alternative for increasing the distribution and subtransmission systems reliability, both reducing losses and increasing the electric power offer.
However, the uncertainties involved in the planning and operation of the system with the inclusion of DG become larger than in the past and, therefore, new tools need to be developed to analyze and to foresee the behavior of the system. One of these uncertainties appears with the use of renewable energy sources, such as biomass, wind, solar, etc. Renewable sources tend to have smaller energy density when compared to fossil fuels and the plants are smaller and geographically more distributed. The wind farms, in addition, need to be located in sites with a favorable wind pattern. They cannot be pre-dispatched by the utility since power generation depends on the availability of wind. The large uncertainty of wind farms generation influences strongly on the system reliability [1] .
Reliability evaluation of distribution systems with the presence of DG units based on intermittent energy sources, such as wind generation, has been proposed on several papers [2] [3] [4] [5] . Most of them consider DG connection and failures only at the MV distribution network. None of them, however, considers also the possibility of DG connection at the substation buses and the effect of failures at the subtransmission system and the substation equipments.
This paper presents a methodology for reliability evaluation of distribution systems with the presence of DG based on different energy sources. Distributed generation based on non-intermittent energy sources, such as gas and oil, are represented by a two or a multiple states Markov model. Wind generation is represented by two different models: one, developed in [6] , which combines the wind turbine two states Markov model with the stochastic model of the wind, and another, a chronological model, which combines the time series of wind, the wind turbine generation characteristic and the probability of generator failure. A model for the distribution substation is also proposed, allowing the possibility of DG connection at the High Voltage (HV) and Medium Voltage (MV) buses of the distribution substation, as well as along the MV distribution network. The load variation model adopted is obtained using neural networks and fuzzy sets [7] . For the LV consumers, the load is represented by the annual load curve of the distribution transformer to which the consumers are connected. For the MV consumers, the load is represented by the annual load curve built by combining its daily demand curves. The system reliability evaluation is based on Sequential Monte Carlo Simulation.
DISTRIBUTION NETWORK REPRESENTATION
The distribution network is represented using the aggregation of load points and feeder sections in blocks. 
DISTRIBUTED GENERATION MODEL
The distributed generation is represented by Markov models of multiple states, without limitations for the number of states. The models are developed in order to differentiate conventional generators, based on non-intermittent energy sources (coal, gas, diesel) and wind generators (intermittent energy).
Conventional Generators
These units are represented by two states (operative/repair) or multiple states Markov model, depending on the characteristic of the generating unit. The cumulated distribution function (CDF) of power generation availability is obtained by combining the probability of different states of the power plant.
Wind Generators -Model I
Two different wind generation models are presented in this paper. The first wind generation model is developed in [6] , which combines the wind turbine two state Markov model with the wind variation model. The second wind generation model is a chronological model obtained by the combination of the wind velocity time series, the wind turbine power generation characteristic and the generator two states Markov model. The wind generation availability at each time step is obtained by the proper combination of these three elements.
In the sequential Monte Carlo simulation, in order to evaluate if a network island may be fed by a wind DG during a failure period, the chronological simulation of Model II is carried on. The failure period, from T o to T f , is divided into time steps Δt and the power generated by the wind DG is calculated by Model II for each time step, in the following way: the wind speed is obtained from the wind series shown in Figure 3 (a) and then the power generated is obtained from the turbine characteristic shown in Figure 3 ( b). The wind power generation is compared with the island load and it is only considered able to supply the island if it is higher than the load during the whole failure period. This procedure is adopted in order to avoid load shedding during the failure period supplied by the wind DG. 
DISTRIBUTION SUBSTATION MODEL
The distribution substation model is proposed in order to consider the possibility of DG connection at different points. The transformers and feeders are represented by two states Markov models by their respective λ k and r k . The Medium Voltage (MV) and High Voltage (HV) buses are also represented by two states models.
The distribution substation is represented by two groups of parameters: internal (λ i and r i ) and external (λ e and r e ), as shown in Figure 4 . For the HV buses, the external parameters λ e and r e represent the sub-transmission network failure. The internal parameters λ i and r i represent the failure of the HV bus itself. For the MV buses, the external parameters λ e and r e represent the failure of the equipments connected between the HV and MV buses, while the internal parameters λ i1 and r i1 represent the failure of the MV bus itself. Additional parameters λ PD and r PD may be associated with the feeders in order to represent different disconnection priorities due to the lack of transfer capacity. The distribution network protection equipments (breaker, sectionalizer, recloser, etc.) are considered 100% reliable.
LOAD VARIATION MODEL
Estimates of the demand at certain load points, at regular intervals in the timely load cycle, is an important information for reliability evaluation of distribution systems. The load estimation problem is a difficult one owing to the lack of accurate information regarding individual consumer load. Usually, only monthly kWh consumption, used for billing purposes, is available. Reference [7] presents a load estimation methodology based on the application of neural network and fuzzy set techniques to generate standard load curves for classes of consumers based on their monthly energy consumption. Figure 5 shows a scheme where the input data matrix is submitted to the neural network to be classified into the appropriate consumers class. The load estimator uses these curves to adjust the individual load at the specified load points.
Fig. 5 -Neural Network Classifier Load Model
This methodology has been applied in this paper in order to obtain the load variation model. For the LV consumers, the load is represented by the annual load curve of the distribution transformer to which the consumers are connected. This curve is built by combining the daily demand curves of the consumers connected to the transformer. For the MV consumers, the load is represented by the annual load curve built by combining its daily demand curves.
ADEQUACY EVALUATION AND CORRECTIVE MEASURES
The adequacy of the distribution system in terms of voltage and transfer capacity is evaluated by the solution of a power flow for radial networks, based on the power summation method [8] , with the inclusion of distributed generators.
The reliability indices are evaluated by Sequential Monte Carlo Simulation [9] . The reliability indexes calculated are the load point average failure rate ( L ) and the annual outage time (U L ) and the system indices SAIFI, SAIDI and EENS [10] .
The main corrective measures considered in the model in order to eliminate voltage and capacity violation are:
Switching: opening of protection and switching devices in order to isolate the failed blocks;
Load transfer between feeders: after isolating the failed blocks, part of the load may be transferred to other feeder by closing normally open switch;
Islanded operation by DG: after isolating the failed blocks, an island may be fed by DG if the total load is smaller than the DG capacity;
Load Shedding Priority: if necessary, the loads are shed according to the load priority polices.
RESULTS
In order to evaluate the impact of DG on the distribution network, the RBTS-Bus2 system [11] has been used. Figure 6 shows the details of the feeders and load points analyzed from that test system (DJ1 and DJ2). For this study two types of DG are used: a gas thermal generator and a wind generator (Model I and II). Both generators have capacity of 2.5MW and FOR (Forced Outage Rate) of 3%.  The existence of DG do not affect in a significant way the interruption frequency (SAIFI), since the adopted polices of operation disconnects the DG if any failure in the network occurs;  The interruption duration is influenced by the existence of DG and the resource key. The values of SAIDI do not depend on the variation of the load (Peak, Average and Variable), since no limitation was considered in the load transfer for the resource feeder;  Wind DG, either model I or II, does not produce the same benefits than the conventional one, due to the intermittent availability of the wind. Therefore, the reduction in the SAIDI is smaller than the promoted by the gas generator; Prague, 8-11 June 2009 Paper 1030 CIRED2009 Session 4
Paper No 1030  The EENS is the index more influenced by the variation of the load (Peak, Average e Variable) and by the existence of the DG and/or resource key. Again, the benefit of the wind DG is smaller than the gas DG for the same reasons;  Wind DG Model I represents a better contribution to the system reliability than model II, since in model I the wind power generation is considered constant, during the failure interval, at the value sampled at the beginning of the interval. 
CONCLUSIONS
This paper presented a methodology to evaluate the reliability of the distribution system with the presence of DG. It was shown the importance of having a good representation of the power supplied by DG units, mainly those whose primary source is of intermittent nature, as wind generation. It was also shown that wind generation in islanded mode operation does not have a good performance when compared to conventional generators, since it depends on the availability of wind. This behavior would not be sensible if the traditional two states model was used for this generation instead of the models adopted in this paper.
